To show the necessity of distinguishing several patterns of drug prescribing that may lead to co-medication. It is demonstrated how these different patterns can be investigated using large databases containing pharmacy data or reimbursement data.
Introduction
The use of two or more drugs is a general concern since efficacy and safety of most drugs are investigated for single use alone. Co-medication has also become an important concept in the context of prescribing quality markers [1] . A variety of terms is used to refer to the use of two or more drugs within the same time frame; co-medication, concomitant medication, concurrent medication, co-administration and multiple pharmacotherapy. Medline and Embase thesauruses include 'drug combinations', single preparations containing two or more drugs as a fixed dose, and 'drug therapy, combination', two or more drugs administered separately for a combined effect, both terms implying intended use of two or more drugs together. Since no entry refers to the use of two drugs regardless of whether they are part of the same treatment, this variety of terms seems inevitable. This labyrinth of terminology causes problems for systematic reviews and meta-analyses as well as the search for knowledge on particular combinations of drug classes in daily clinical practice.
For example, in a review on concomitant psychotropic drug use in children and teenagers, definitions ranged from more than two psychotropic drugs being prescribed by the same doctor on the same day to the same patient to children who received within the same year prescriptions for two or more psychotropic drugs regardless of prescriber, which lead to a variety of poorly comparable estimates [2] . And a review on gender differences in the prescribing of antipsychotic drugs referred to patterns of co-medication with concurrent medication, adjunct drugs, concomitant drugs and co-administered drugs without any explicit definition but implying the purposefully prescribing of two or more drugs to the same patient allowing for different prescribers [3] .
Consensus is called for to be able to communicate results unambiguously to clinicians and researchers. For the sake of clarity let us define co-medication as the most general term that covers the actual taking of two prescription drugs on the same day, regardless of the prescribers' intentions. Then, since not all patterns of co-medication may be of equal interest and not all patterns lead to the same estimates of proportion of patients involved, several possible co-medication patterns ought to be distinguished. We aim to demonstrate the necessity of distinguishing several patterns of drug prescribing that may lead to comedication, by illustrating the impact of different co-medication patterns on the proportion of patients having had co-medication in a large pharmacy database.
Methods

Definitions
Several patterns of co-medication can be defined. With the prefix 'co-'in the meaning of jointly [4] , 'co-prescribing' is defined as 'the jointly prescribing of more than one drug by the same prescriber on the same day'. As concomitant means concurrent [4] , 'concomitant medication' is defined as the concurrent use of drugs as prescribed by one or more different medical doctors not necessarily on the same day. Co-prescribing and concomitant medication cover co-medication resulting from the use of drugs as intended by medical doctors. Of course, co-medication may also result from two drugs simply being available to the patient because they have been dispensed within a certain time period and some left over pills may still be left in the medicine cabinet. This latter source of co-medication is classified as "possibly concurrent". 
Definitions made operational
Prescriptions were identified as co-prescribed if written by the same doctor on the same day to the same patient (Table 1) . Concomitant medication was made operational as drugs dispensed within a certain time period while according to information available in the pharmacy computer system, the two prescriptions overlap in time. The duration of any prescription is derived by dividing the quantity dispensed by the daily dose prescribed as registered in the pharmacy. The following time windows were chosen; same day, +/-seven days, +/-15 days and +/-30 days. Note that 'concomitant medication' allows for different prescribers. Operationally, concurrent medication is two or more drugs under study dispensed within a certain time period regardless of overlap between prescriptions. Hence, possibly concurrent medication is identical to (calendar) period prevalence of a drug among the users of another drug. Periods investigated were month, quartile, halve a year and year.
Note that both 'concomitant +/-15 days' dispensed and 'possibly concurrent -month prevalence' have a similar study length of 30 or 31 days.
Data selection
As a source of pharmacy data The InterAction DataBase is used [5] . Thus all prescription data were aggregated at the person-level. In the second example, the study group consisted of people in the same age range who received at least one prescription for penicillines. Then, all prescriptions of penicillines and antihistamines for the members of this study group were selected as described above.
For all patterns of co-medication, the percentage of people with co-medication was calculated as the number of people who once or more fit the particular co-medication pattern divided by the number of people having received anticonvulsants (or penicillines) that same
year. 95% confidence intervals (CIs) were calculated using the 'Pearson-Clopper' Exact method' [9] . To investigate the differences in trend for the co-medication patterns from one
year to an other year, the ratio of the proportions for two years (the relative prevalence) is also calculated.
Results
In the year 2000, 2701 people had received at least one prescription for anticonvulsants. In 2002, unto 2995 people anticonvulsants were dispensed. Depending on definition and period considered, the percentage of anticonvulsant users co-medicated with an antidepressant ranged from 6% to 14% in 2000. In 2002, these ranged from 10% to 18%
( Table 2 ). The relative prevalence (%2002/%2000) ranged from 1.2 to 1.9. Table 3 shows the percentages of the more than 27 000 people who received at least one prescription for penicillines and were co-medicated with antihistamines. The entries in this table are smaller than those in table 2, reflecting the difference between drugs usually prescribed for a longer period versus ones prescribed for shorter courses. Depending on definition and period considered, the percentage of penicillines users co-medicated with an antidepressant ranged from 0.5% to 9.7% in 2000. These percentages ranged from 0.9% to 11.2% in 2002. The relative prevalence ranged from 1.2 to 1.6.
In general, prevalence of co-medication increased with time period considered. The difference between co-prescribing and concomitant same day could be clinically relevant but there is no statistical reason to differentiate between these two estimates in the presented examples ( Table 2 and Table 3 
Discussion
We illustrated how different definitions may lead to both clinically and statistically significant different proportions of people being co-medicated. The impact is also evident when looking at the relative prevalence of co-medication patterns. Table 3 . Percentage of patients receiving penicillines in 2000 (n = 27149) and 2002 (n = 27278) co-medicated with antihistamines according to the definitions and time windows described and the ratio between the percentages in these two years.
Pattern
Co-prescribing Concomitant
Possibly concurrent Total penicillin users database research, they have huge consequences for research. Only after scrutinizing definitions and time-windows it is valid to make comparative statements like "co-medication with antidepressants is less prevalent in the current study than in the literature" or "comedication with antihistamines has increased since the seventies".
In the two examples in this paper the point estimates differed a factor 2.5 (from 5.8% to 14.5%) for the percentage of people receiving anticonvulsants who were being comedicated with anti-depressants. The point estimates were smaller for the proportion of people receiving penicillines who were co-medicated with antihistamines, and these estimates differed up to a factor 12 (from 0.5% to 9.7%). The relative prevalence (%2002/%2000) also showed a clinically significant range from 1.2 to 1.9 for the anticonvulsants with antidepressants, and 1.2 to 1.6 for the penicillines with antihistamines.
The completeness of medication dispensing data is essential for the study of comedication patterns. The advantage of pharmacy dispensing data over claims data is that often all prescription medication is included regardless of reimbursement status of the particular drug. Pharmacy data will also be more complete on prescription medication than the GPs or specialist's files. However, in contrast to these, no information on switching medication is available in either pharmacy data or claims data. Especially in the study of comedication with two drugs from the same class, this may be a problem as switching may be miss-classified as co-medication and the other way around [10] .
Co-medication in the meaning of Medline's thesaurus' 'drug therapy, combination', where two or more drugs are administered separately for a combined effect, demands the information on indication. Since reliable information on indication is available in neither pharmacy data nor claims data, 'drug therapy, combination' can not be studied when depending on these data sources alone. However, these data sources are very suitable for study of 'drug combinations', meaning single preparations containing two or more active agents as a fixed dose (see Medline's thesaurus).
No previous study to our knowledge has investigated co-medication like the present study did, by means of examples of only hypothetical interest. Other studies were initiated because of their interest in co-medication of two or more specific drugs. Few studies went beyond the mere presenting of one proportion and showed large differences in point estimates of co-medication due to differences in time window. One study on pharmacotherapy among youths enrolled in Medicaid reported 13.6% of the children receiving at least two different classes of psychotropic drugs within a one-week interval, and 42% of the children when a three-month window was used instead [11] . A study on youths treated with stimulants that relied on pharmacy dispensing data, reported 15% of children 84 being co-medicated with another psychotropic agent when using a one-week interval and 21% when a one year prevalence was used [12] .
Since co-medication is of general interest and the variety of terminology in use obstruct the clear communication between clinicians and researchers, we propose a first step towards unambiguous terminology. We suggest to use co-prescribing for the study of prescribing quality markers. Concomitant medication would be reserved for the study of increased use of drug-drug combinations not investigated together for safety and efficacy, as in this case both sensitivity and specificity are of importance. Possibly concurrent medication is most suitable when high sensitivity is demanded for, as is the case for the study of evident safety concerns. Clearly, the drugs of interest, the underlying ailments being treated, and possible safety aspects are important to consider when deciding on the time window.
